Background: There are no published studies that report on fentanyl and ketamine compatibility in dextrose 5% solution as commonly practiced in hospital settings. Methods: This study assessed the compatibility of fentanyl and ketamine after their reconstitution in dextrose 5% under ambient temperature and humidity conditions in a hospital setting. Each sample of fentanyl and ketamine was prepared in triplicate by adding dextrose 5% to a prefilled syringe until final concentrations of 9.8 µg mL -1 for fentanyl and 192 µg mL -1 for ketamine were achieved. The solutions were stored in syringes at an ambient temperature ranging 26-28°C either under a mixture of daylight and ambient lighting. A sample was taken from the syringes at the following times: 0, 8, 24, 72, 120, and 168 hours. The samples from each solution were checked for physical changes, pH and their concentration assessed by high-performance liquid chromatography. Results: The solutions were clear and no physical changes were seen. The pH of fentanyl and ketamine decreased dramatically after 72 hours. The concentrations of fentanyl remained 90-110% only for 24 hours, while ketamine remained 90-110% for 168 hours. Conclusion: Solutions of fentanyl and ketamine in dextrose 5% may be used in prefilled syringes only up to 24 hours and 72 hours after reconstitution, respectively.
Fentanyl and ketamine are the commonly used analgesic agents in intensive care units [1] . They are widely used as solutions administered by slow continuous infusion in order to achieve an accurate dose [2] . This dilution of medicine may alter the compatibility and stability of the original formulation [3] . However, the common published data sources are often not suitable for conditions in hospitals. The available information on the compatibility and stability of fentanyl and ketamine after reconstitution, were based on dilution in normal saline (NS) and (sterile) water for injection (WFI) [4] [5] [6] [7] . However, in hospital environments, fentanyl and ketamine may be given diluted in dextrose or glucose solutions, particularly in patients with hypoglycaemia or sodium restriction.
Compatibility data based on the conditions of hospital practice should be developed [8] . This study investigated the extended compatibility of fentanyl and ketamine diluted in dextrose 5% under an ambient temperature. This will identify whether the routine work for the most frequent reconstitution of fentanyl and ketamine is safe in terms of compatibility. In addition, these compatibility data will suggest the possible repackaging of fentanyl and ketamine in the centralised intravenous services. Therefore, the current study has addressed a knowledge gap in the compatibility data which is relevant for practice in the ICU and for the development of hospital pharmacy practice.
Methods

Design stuDy
This study was designed to evaluate the physical and chemical compatibility and stability of fentanyl and ketamine after reconstitution in dextrose 5% solution, and storage under ambient conditions in a hospital setting. All drugs were diluted with dextrose 5% solution in 50 mL syringes and were assessed in triplicate. The samples were drawn at zero (0) hours, eight (8) 
PreParation of test solutions
Fentanyl and ketamine were obtained from manufacturers commonly used in Indonesian hospitals; fentanyl from Janssen Pharmaceutical, Belgium and ketamine from Combiphar, Indonesia. The dextrose 5% solution was obtained from Widatra, Sidoarjo, Indonesia. The medications were assessed at the concentrations typically used in an intensive care unit. Three sets of each medication solutions were prepared for analysis. The solutions were prepared by measuring (by syringe) the required volume of each drug solution into a 50 mL volumetric flask and then making it up to a volume with a dextrose 5% solution. The reconstituted medications were stored in 50 mL syringes in an open room under ambient light, temperature and humidity. Room temperature and humidity were monitored during experimentation and were within the ranges of 25-28°C and 70-80% relative humidity (RH). Five-millilitre (mL) samples were drawn for visual inspection and pH measurement, while a 1 mL sample was taken for HPLC assay at each sampling time.
PreParation of stanDarD solutions anD stanDarD curve
The stock solutions were prepared for the validation procedures on assessment days 1, 3, and 7. Standard solutions for both drugs were prepared at relevant concentrations from initial stock solutions of 1 mg mL -1 in dextrose 5% aqueous solutions.
Physical comPatibility: visual insPection
Judgment of compatibility follows the outline shown in Figure 1 . Physical compatibility was visually evaluated to assess clarity, colour changes and gas formation. The observations were made independently by two people using a black background and a white background under fluorescent light. Clarity and gas formation was observed against a black background to demonstrate haziness, precipitation, or bubbles, while colour changes were more easily determined against a white background. The solution was considered incompatible physically if any presence of discoloration, haziness, precipitation or gas formation was visible.
chemical comPatibility: Ph anD chromatograPhy assay
The pH measurements utilised a calibrated pH meter, namely a Mettler Toledo 1120/1120-X (Urdorf, Switzerland).
The pH level was measured by dipping a 3 mL sample solution into the cuvette until the pH meter displayed the pH level. A change in pH of more than a half unit during the measurement period or a shift of pH beyond the usual range specified by the manufacturer was taken as indicative of incompatibility.
Concentration analyses employed a high pressure liquid chromatography (HPLC) apparatus, namely the e2695 Waters Associates (Milford, MA, USA) equipped with an Xterra MS C18 column, 5 µm, 4.6 × 250 mm. The mobile phase and the water were HPLC grade without previous purification. The two mobile phases were HPLC grade obtained from Merck, Darmstadt, Germany. They comprised a phosphate buffer containing monopotassium dihydrogen phosphate (KH 2 PO 4 ) (0.05 molar; pH 4.2) in HPLC water and acetonitrile. Each drug was assayed separately at the wavelength of maximum absorbance (λmax), that is ketamine in 210 nm and fentanyl in 280 nm. The samples were introduced into the HPLC system using an auto sampler injector, namely an SM 7, 2489 UV/Vis detector, at a solvent flow rate of 1 mL min -1 and an injection volume of 10 µL. A reduction of the concentration to less than 90% of the value at time zero (0) was considered unacceptable or chemically incompatible (see Fig. 1 ).
Results
The results of validation are given in Table 1 . Linearity of concentration under the curve (AUC) was demonstrated by linear regression after five different dilutions. The standard curves were linear (r2 ≥ 0.99) over the assessment days. Accuracy was determined by preparing a target concentration, injecting the solution and predicting the concentration from the linear regression data achieving a range 95-10%. Precision was assessed by measuring the concentrations of five replicate dilutions. The intraday and interday coefficients of variation ranged ≤ 2.25%, and ≤ 3.5% respectively. Concentration was used to analyse concentration change. The retention times for the four drugs were less than 20 minutes. The blank sample of dextrose 5% solution showed no peaks during 30 minutes. The chromatograms are considered suitable if the symmetry factor is less than 1.5: with a USP plate count efficiency at n > 2,000 [9, 10] .
Visual observation showed that fentanyl and ketamine after reconstitution were physically compatible during seven days of storage. No turbidity, gas, colour changes or precipitation were observed during 168 hours of storage.
The pH changes of fentanyl and ketamine are shown in Figure 2 ; fentanyl (DpH = -0.99 pH unit) and ketamine (DpH = -1.69 pH unit). Fentanyl and ketamine showed a significant pH drop after 72 hours: the pH value at 120 hours of fentanyl was 3.37 while for ketamine, this was 3.34. The pH Figure 3 , the percentage degradation of ketamine was within an acceptable range of ≥ 90% for 196 hours observation (seven days), even though the pH was normal only over 72 hours. Moreover, fentanyl retained 99% concentration for 24 hours, but then dropped to 75% at 72 hours.
discussion
The current study showed that using a dextrose 5% solution for reconstitution, both drugs, namely fentanyl and ketamine, were compatible for 24 hours under conditions typical for an intensive care unit. However, storage for longer than 24 hours is questionable. The striking increase of the ketamine concentration at 120 hours was predicted since there is an initial degradation process, the products of which were not effectively separated using this method. This degradation may be caused by an oxidation reaction. In the initiation phase, this reaction decreases the pH following free radicals which emerge and react, before finally the concentration drops due to the degradation products. This was seen in the pH value that declined considerably after 72 hours. Thus, ketamine would not be considered to be chemically compatible in a dextrose 5% solution for ≥ 72 hours. Although ketamine had concentration in a range 90-110%, the pH dropped significantly after 72 hours. In theory, the decrease of 1.69 pH units will change the ionization level up to 50 fold. To the best of the author's knowledge, no other study has reported on the compatibility of ketamine in this vehicle (i.e. dextrose 5% solution). However, the compatibility data in the other vehicle (i.e. WFI) was stable for 30 days at room temperature and exposed to light [4] , and even longer (182 days) in normal saline (NS) and WFI [5] .
A word of warning needs to be given with regard to fentanyl. In the current study, although fentanyl had higher than 90% concentration at 24 hours, this decreased to 75% concentration at 72 hours. This change was also supported with the pH dropping after 72 hours, as with ketamine. The interpolated results for fentanyl showed 90% concentration for 28 hours. This showed that reconstituted fentanyl in dextrose 5% solution must be administered immediately after preparation.
This study found a faster degradation rate compared with that found in other research, such as by Kowalski who found that fentanyl retained 95% concentration for 48 hours, but under WFI [11] . Using similar conditions (room temperature and light exposure), Roos et al. [12] showed that fentanyl diluted in NS retained 87% concentration at 30 hours. However, there are no publications that used a similar dilution in dextrose 5%.
Furthermore, although the stability of fentanyl in dextrose 5% solution is short, there is evidence that the stability of fentanyl increases when it is diluted in normal saline (NS) or (sterile) water for injection (WFI) [6, 7] . The stability of fentanyl can be prolonged up to 30 days after reconstitution using normal saline (NS). Ketamine injection can also retain 90% concentration for a longer time (30 days) when diluted in WFI [13] and up to 12 months in NS [14] . Thus, this study suggests that hospital staff should reconstitute fentanyl and ketamine in dextrose 5% immediately prior to use. However, it is safer to consider changing the reconstitution solution to NS or WFI for these drugs, if appropriate for patient.
As this research aimed to validate the routine work done in hospitals, the circumstances and the materials were applied according to hospital conditions. Different conditions in other hospitals may alter the compatibility data.
conclusions
At the same concentration and in similar conditions (ambient temperature and light exposure) these findings indicate that ketamine in dextrose 5% is compatible for administration in the ward for 72 hours. In contrast, hospital should issue warnings about the reconstitution of fentanyl in dextrose 5%, as it is safe only for 24 hours.
